Abstract-The role of the noradrenergic and the serotonergic systems in the development of hippocampal and amygdaloid kindling was studied. Dorsal noradrenaline bundle lesions markedly facilitated the formation of hippocampal and amygdaloid kindling. The most significant facilitation was observed in the earliest phase of kindling. Cortical noradrenaline content decreased by about 70% after dorsal noradrenaline bundle lesions. Midbrain raphe nuclei (both dorsal and medial raphe nuclei) lesions did not have any effect on the formation of both hippocampal and amygdaloid kindling. These results indicate that the dorsal noradrenaline bundle system plays an inhibitory role in the develop ment of the seizure discharges and the behavioral convulsions in hippocampal and amygdaloid kindling.
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Repeated low level electrical stimulation of the limbic structures in the brain produces behavioral convulsions and eventually leads to generalized full seizure (1 ) . This phenome non is called the kindling effect. It has been demonstrated that this model has several advantages over previously developed experi mental models of epilepsy (2, 3) .
It has become clear that the brain cate cholamines are of considerable importance in the normal suppression of seizure activity (4) . In kindling, several experiments indicate that brain catecholamines play an inhibitory role in the development of seizure discharge and behavioral convulsions. Administration of reserpine (5), which depletes catechol amines or 6-hydroxydopamine (4-6) that destroys catecholamine nerve terminals, has been found to facilitate amygdaloid kindling in rats. The lesions of the stria terminalis accelerate amygdaloid kindling (7). Ehlers et al. (8) recently demonstrated that the depletion of forebrain noradrenaline (NA) by transection of the ascending NA pathway facilitates amygdaloid kindling in rats. Further more, previous research has suggested that the brain serotonin (5-HT) system also plays an important role in the epileptiform seizure activity (9) . In the kindling, electrical stimu lation (10) and lesion of the midbrain raphe nuclei (11, 12) blocked and facilitated amygdaloid kindling, respectively. Most of the studies on kindling effect has so far been done in the amygdala and cortex (13) . However, hippocampal kindling has been studied less thoroughly. It is well known that afterdischarges are easily induced by electrical stimulation in the hippocampus (14) and the hippocampus as well as the amygdala is considered to be one of the foci in the psychomotor seizure (15 (17) . The coordinates for the dorsal bundle were A: 1.3, L: 0.7, V. Monoamine assay and histology: Rats were sacrificed by decapitation 14 days after the dorsal NA bundle or raphe nuclei lesion. The brains were quickly removed and placed on ice. The cerebral cortex, amygdala, striatum, hippocampus and hypothalamus were sepa rated on an ice-cold glass plate according to the procedure described in our previous report (18) . Each tissue was then weighed and assayed for NA, dopamine (DA), and 5-HT. NA and DA were purified by the alumina adsorption method according to our previous report (19) and quantitated by the trihydroxyindole method of Chang (20) . 5-HT was assayed by the method of Snyder et al. (21) . The data obtained were evaluated using Student's t-statistics. The brainstem regions including the lesion site of the dorsal NA bundle or raphe nuclei were soaked in a 10% formalin solution for several days. They were sectioned coronally at a thickness of 80 ,um on a freezing microtome, and brain sections (Fig. 2) .
In the hippocampal kindling, the mean numbers of stimulations required to reach stage 1, 2, 3 and 4 in sham operated and dorsal NA bundle lesioned rats are shown in Table 1 . The number of trials required for the establishment of kindling was significantly shortened by dorsal NA bundle lesion to 11.0±4.1 trials for the dorsal NA bundle lesioned rats and 22.5±4.4 trials for the sham operated rats (P<0.001).
The number of trials required to reach stage 1 was most remarkably reduced by dorsal NA bundle lesions; 6.8±3.6 trials were required in the dorsal NA bundle lesioned rats as compared with 16.7±3.9 trials in the sham operated rats (P<0.001 ). The high amplitude spike waves in the amygdala appeared earlier in the dorsal NA bundle lesioned animals than in the sham operated animals. No significant differences were shown in the number of trials required to reach stage 2, 3 and 4 between the dorsal NA bundle lesioned and the sham operated rats (Fig. 3) . sham operated and the raphe nuclei lesioned rats agreed with results in non-lesioned rats in our previous experiment (22) . No sig nificant difference was found between the raphe nuclei lesioned and the sham operated rats in the number of stimulations required to reach stages 1, 2, 3 and in the total number of trials required for the establishment of the hippocampal and amygdaloid kindling effects (Table 1) . The contents of 5-HT and NA in the cerebral cortex, amygdala, and hippocampus are presented in Table 3 . Cortical and amygdaloid 5-HT contents were significantly lower in the raphe nuclei lesioned rats than in the sham operated rats (P<0 .001 ). A significant reduction was also observed in the content of hippocampal 5-HT and NA in the raphe nuclei lesioned rats (P<0 .01 ). No significant difference was found in the other regions between the raphe nuclei lesioned rats and the sham operated rats in the contents of NA and 5-HT. (23) . The development of behavioral manifestations in the hippocampal kindling was similar to that in the amygdaloid kindling , although more stimulations were required to establish the kindling effect in the former. Furthermore, the development of behavioral changes in the hippocampal kindling coincided with the increasing amplitude of spike waves in the amygdaloid lead (22) . The functional anatomical relationships be tween the amygdala and hippocampus have been well demonstrated (24) . The ventral hippocampal stimulation evokes field poten tials with a short latency throughout the amygdaloid nucleus (25) . A strong propa gation of afterdischarge activity occurs be tween the two structures (26) . Therefore, it is quite conceivable that the amygdala plays an important role in the formation of the hippocampal kindling effect.
Dorsal NA bundle lesions also facilitated the establishment of amygdaloid kindling. This is in good agreement with the finding by Ehlers et al. (8) that the transection of the forebrain noradrenergic pathway facilitates the formation of the amygdaloid kindling effect. In the present experiment, cortical NA content was assayed as an index for estimating the extent of dorsal NA bundle lesion since the diffuse innervation of NA nerves through the dorsal NA bundle exists in the neocortex (27) . The animals with dorsal NA bundle lesions showed an ap proximately 70% decrease in the cortical NA content, indicating that the greater part of the dorsal NA bundle was destroyed in this experiment.
Corcoran et al. (6) reported that rats with a selective depletion of forebrain NA displayed a highly significant facilitation of amygdaloid kindling.
They found that noradrenaline depletion failed to affect either the primary site threshold for afterdischarges or the duration of the initial afterdischarges evoked in the primary site. Therefore, they postulated that the facilitatory effects of NA depletion in the amygdaloid kindling were apparently related to disinhibition of the spread of seizure discharges from the stimulated site to the other brain areas rather than to increased epileptogenesity in the stimulated site itself.
In our present experiment, there were no significant differences in the duration of afterdischarges elicited by the first hip pocampal stimulation between the dorsal NA bundle lesioned and the sham operated animals. In hippocampal kindling, however, the high amplitude spike waves in the amygdala appeared earlier in the dorsal NA bundle lesioned animals than in the sham operated animals. As mentioned before, the most significant decrease is seen in the number of trials spent to reach stage 1, and the sign of stage 1 is mouth movement which is easily evoked by the electrical stimulation of the amygdala (23) . Therefore, it is con ceivable that the facilitatory effect of NA depletion on the development of the hip pocampal kindling effect is related to dis inhibition of the spread of seizure discharges from the hippocampus to the amygdala. Furthermore, in rats with NA depletion by dorsal NA bundle lesions, the amygdala may become readily excitated by electrical stimu lation of the hippocampus;
and facilitation of the spread of seizure discharges from the amygdala to the other brain structures would also occur. On the other hand, raphe nuclei lesions did not have any effect on the formation of the hippocampal kindling effect. Raphe lesioned rats showed an approximately 65%, 75% and 60% decrease in the cortical, hippocampal, and amygdaloid 5-HT contents, respectively.
The role of brain 5-HT systems in the formation of the kindling effect has not yet been well clarified. Kovaks and Zoll (10) reported that electrical stimulation of the median raphe nucleus blocked kindled amygdaloid seizures induced by threshold stimulation. Racine and Coscina (11) reported that both dorsal and medial raphe lesions facilitated the development of amygdaloid kindling; however, systemic injection of p chlorophenylalanine (pCPA), a tryptophan hydroxylase inhibitor, retarded the develop ment of convulsions by amygdaloid stimu lation. In view of the conflicting data, Racine and Coscina (11) proposed that 5-HT systems contain a mixture of excitatory and inhibitory subsystems, which is supported by the findings from studies employing ion tophoretic application of 5-HT to single neurons (28) . Therefore, it is considered that the influence of disrupting brain 5-HT neurons on various seizures may depend upon the balance of activity remaining in these subsystems. This explanation may account for the discrepancy between our present results and others. In the present experiment, none of the rats undergoing raphe nuclei lesions showed significant changes in the formation of the hippocampal kindling effect. Whatever the exact role of brain 5-HT neurons may be in the formation of the hippocampal kindling effect, this fact seems to indicate that they are not robust.
The present results suggest that the dorsal NA bundle system plays an inhibitory role in the development of the seizure discharges and the behavioral convulsions in hip pocampal kindling.
